Sampling and selection of butterfly indicators for general surveillance of genetically modified maize in north-east Spain by Lee, Marina S. et al.
Ecological Indicators 124 (2021) 107380
Available online 22 January 2021
1470-160X/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Sampling and selection of butterfly indicators for general surveillance of 
genetically modified maize in north-east Spain 
Marina S. Lee *, Agnès Ardanuy , Alejandro Juárez-Escario , Ramon Albajes 
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A B S T R A C T   
Genetically modified (GM) maize has been cultivated commercially in Spain since 1998. Although long-term 
environmental monitoring to detect unexpected environmental effects of GM crops (General Surveillance, GS) 
is compulsory in the EU, GS currently has a very low capacity to detect adverse effects on the environment. This 
study aimed to increase the feasibility of GS of GM maize expressing insect-resistance (Bt) and herbicide toler-
ance (HT) traits by using butterflies as models. 
Butterflies (Lepidoptera: Papilionoidea) were sampled using transect-counts in three differentiated maize- 
growing regions in north-east Spain. Five transects were established per region and sampled three times per 
season in two consecutive years. Transects were 300 m long, including 100 m sections in field margins, alfalfa 
(Medicago sativa) and non-crop vegetation. In addition, butterfly larvae were sampled during maize anthesis in 
field margins in Lleida region and distribution of larval host plants in maize agroecosystems was assessed in the 
three regions. 
Field data and literature were used to construct a step-by-step selection process to identify appropriate but-
terfly indicators for monitoring effects of GM maize cultivation. In addition, suitable multispecies indicators were 
constructed. The required sampling effort to detect effects using these butterfly indicators was estimated by 
prospective power analysis. 
We identified 41 butterfly species, including three protected species. Most species were potentially exposed to 
GM maize cultivation effects because their larval host plants were present in maize fields, margins and neigh-
bouring habitats. We identified larvae of four butterflies in maize field margins, the most abundant of which was 
Carcharodus alceae. It would be possible to detect a 30% population change by sampling its host plants Malva spp. 
in 35 to 95 site pairs. 
When we applied the selection procedure, the most appropriate species for monitoring depended on the region 
considered. Across regions, the sampling effort using selected indicators was lowest for multispecies groups (i.e. 
15–32 site pairs for butterfly abundance) and for the single species Pieris napi and Polyommatus icarus (24–84 and 
27–87 site pairs respectively). These indicators could be monitored through existing butterfly monitoring 
schemes as part of a wider environmental monitoring in agricultural regions to assess impacts of agri- 
environmental management.   
1. Introduction 
The cultivation of genetically modified (GM) maize (Zea mays L.) 
varieties may have effects on the receiving environment that only 
become apparent after widespread or long-term cultivation. For this 
reason, Post-Market Environmental Monitoring (PMEM) of GM plants is 
mandatory in the EU (EC, 2001; EC (European Comission), 2018). There 
are two types of PMEM (EFSA, 2011): Case Specific Monitoring (CSM) 
which is conducted on a case-by-case basis and focuses on potential 
adverse effects anticipated in the pre-release Environmental Risk 
Assessment (ERA), and General Surveillance (GS) which focuses on 
unexpected, delayed or cumulative effects that could not be detected by 
the ERA. GS is compulsory for as long as the GM crop is cultivated. 
Despite the compulsory nature of GS, in its current form it has a very 
low capacity to detect effects of GM maize cultivation on the environ-
ment: GS is based only on farm questionnaires directed at the farmers 
(Schmidt et al., 2008) and annual reviews of the scientific literature 
(EFSA, 2011). Recognising this shortcoming, the European Food Safety 
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Authority (EFSA) recommends using data from environmental survey 
networks (ESN) (EFSA, 2014) and integrating GS into a wider environ-
mental monitoring scheme but in 2020 this has not yet been 
implemented. 
A GS plan should be capable of detecting any potential effect 
resulting from GM crop cultivation (EFSA, 2011) but such a plan would 
require intensive monitoring that would be too costly in terms of sam-
pling effort. Therefore, the most feasible option to date is a targeted GS 
focusing on measuring relevant assessment endpoints at critical mo-
ments of exposure to the GM crop cultivation. This requires taking into 
consideration the potential adverse effects of the cultivation of each 
particular GM crop and the particularities of each receiving 
environment. 
Currently, the only GM crop cultivated commercially in the EU 
(Spain and Portugal) is Bt maize MON810 which expresses the Cry1Ab 
toxin conferring resistance to Lepidopteran stemborers (ISAAA, 2019). It 
is very likely that in future GM maize varieties expressing other insect 
resistance (Bt) or herbicide tolerance (GMHT) traits will be cultivated in 
the EU, particularly in the Mediterranean. Therefore, a sound GS plan 
capable of detecting potential adverse effects of GM maize is needed for 
Mediterranean receiving environments. 
In Spain, MON810 is prevalent in areas where pressure from the 
stemborers is high (Eizaguirre et al., 2006) and in 2018 MON810 
covered 115,246 ha (ISAAA, 2019). This is over a third of the Spanish 
maize production area (MAPA, 2020). Worldwide, deployment of Bt 
crops is an effective control measure allowing farmers to reduce insec-
ticide treatments (Naranjo, 2009) resulting in a reduction of adverse 
effects of pesticides on non-target organisms. However, Bt maize pollen 
can be deposited around maize fields (Hofmann et al., 2016; Pleasants 
et al., 2001) and have adverse effects on the larvae of non-target Lepi-
doptera. The adverse effects vary in magnitude depending on the 
amount of Bt toxin ingested and the susceptibility of the species (Felke 
et al., 2002; Hellmich et al., 2001; Lang and Otto, 2010; Lang and 
Vojtech, 2006; Sears et al., 2001; Zangerl et al., 2001). In the EU, non- 
target Lepidoptera such as butterflies have been proposed for environ-
mental monitoring of Bt maize due to their susceptibility to Bt toxins (E. 
g. Arpaia et al., 2018; Aviron et al., 2009; Lang et al., 2019, 2011; Lang 
and Bühler, 2012). In particular, monitoring adults and larvae of Aglais 
spp. that develop on nettles (Urtica) has been proposed as a cost-effective 
method for monitoring environmental effects of GM maize because these 
butterflies are susceptible, common around maize fields and easy to 
sample (Lang et al., 2011; Schuppener et al., 2012). Nettle-feeding 
species (Aglais sp. and Vanessa atalanta L.) have also been used as 
model species to study risks of Bt maize to non-target organisms (Bau-
drot et al., 2021; Fahse et al., 2018; Holst et al., 2013; Perry et al., 2012, 
2010). Specific information is lacking regarding non-target Lepidoptera 
in maize agroecosystems in Spain, although research has been con-
ducted on effects of both Bt and GMHT maizes on other non-target or-
ganisms (e.g. De La Poza et al., 2005; Ortego et al., 2009; Albajes et al., 
2012; Comas et al., 2014; Arias-Martín et al., 2018). For instance, nettles 
are not common around maize fields in Mediterranean regions (Lee and 
Albajes, 2013) and therefore alternative indicators must be identified. 
The deployment of GMHT maize implies changes in the types and 
application times of herbicides, which modifies flora abundance and 
composition in maize fields and field margins (Albajes et al., 2014; 
Hawes et al., 2003). The changes in availability or quality of host plants 
can result in changes in populations of herbivores such as butterflies 
(Pleasants and Oberhauser, 2012) and other organisms (Albajes et al., 
2009; García-Ruiz et al., 2020; Hawes et al., 2003). For this reason, 
Lepidoptera (butterflies) have been considered to be good indicators for 
monitoring GMHT maize effects (Hilbeck et al., 2008). In addition to 
plant-mediated effects, some herbicides have been found to have direct 
toxic effects on non-target organisms, including Lepidoptera (Gill et al., 
2018; Kutlesa and Caveney, 2001; Székács and Darvas, 2018). 
Butterflies (Lepidoptera, Papilionoidea) are excellent candidates for 
monitoring environmental effects of GM maizes because they are 
susceptible to Bt toxins and to changes in host plant availability due to 
GMHT maize cultivation. They are good indicator organisms (Thomas, 
2005; EEA, 2013) and a valued conservation goal (Van Swaay et al., 
1999). Furthermore, many countries in the EU have well-established 
butterfly monitoring schemes (Schmucki et al., 2016) which could be 
used for GS of GM maizes (Lee et al., 2020), as recommended by EFSA 
(EFSA, 2014). 
1.1. Objectives 
This study aims to outline a reliable and cost-effective general sur-
veillance plan for monitoring the effects of Bt and GMHT maize culti-
vation on biodiversity in Mediterranean conditions. In order to achieve 
this, we first identify the butterflies and their host plants present in three 
different maize-growing regions in north-east (NE) Spain. Secondly, we 
use field data and literature to develop a selection procedure to identify 
the most appropriate species for monitoring effects of GM maizes. 
Finally, we estimate the sampling effort required for effect detection 
using selected butterfly indicators. 
2. Materials and methods 
2.1. Surveys 
In the first place, field surveys were carried out in order to identify 
butterflies and their host plants in maize agroecosystems in NE Spain. 
2.1.1. Study regions 
The field surveys were carried out in three different maize-growing 
regions in NE Spain to account for variability due to differences in 
climate, cultural practices or landscape among others. Studies to identify 
other taxa for GS of GM maize were carried out in the same regions (Lee 
& Albajes, 2016; Ardanuy et al., 2018). 
The regions were Bujaraloz in the Monegros Badlands (41◦29′N, 
0◦9′O, 328 m.asl), Lleida agricultural plains (41◦43′N, 0◦26′E, 250 m. 
asl) and La Seu, in the Pre-Pyrenees (42◦21′N, 1◦27′E, 691 m.asl). 
Bujaraloz and Lleida are located in the Ebro basin in the same biogeo-
graphical region, BSk Köppen-Geigen climate type (Kottek et al., 2006). 
Maize is an important summer crop in the Ebro basin, occupying around 
16% of the area of irrigated land (Farré and Faci, 2009). Pressure from 
Lepidopteran corn-borers is high in this region so it is common to use Bt 
varieties (MON810). For control of other pests, seed dressing with imi-
dacloprid was common at the moment of the study, but other in-
secticides were rarely used (Eizaguirre, 2012). Maize is cultivated for 
grain, fields are ploughed and planting takes place from March to July, 
pre-emergence herbicides are applied and fertilization is a mixture of 
mineral NPK and manure. A key difference between the agricultural 
regions of Bujaraloz and Lleida is that irrigation is fairly recent in 
Bujaraloz (1970s). As a result, Bujaraloz maize fields are large (8.4 ±
1.5 ha). Bujaraloz landscape is composed of arable crops and large 
patches of native dryland vegetation with little arboreal cover. In 
contrast, Lleida landscape is that of an intensive agricultural area 
withrable crops and orchards covering most of the irrigated areas and 
very little semi-natural vegetation. Maize fields in Lleida were 5.4 ± 0.9 
ha. Maize field margins in Bujaraloz and Lleida are composed of her-
baceous plants because it is common practice to periodically cut, burn or 
apply herbicide for weed control, particularly in Lleida. Recently, 
intensification has reached a point that, in addition to the main maize 
crop planted in March-April, it is increasingly frequent to plant a second 
maize crop in May-June, straight after harvesting winter cereals. 
La Seu region is very different to the other two, with a cooler climate 
and greater rainfall (Cfb Köppen-Geigen climate type) but it is still 
necessary to irrigate maize. Maize is cropped for silage as part of a yearly 
crop rotation and agricultural practices include no-till and pre- 
emergence herbicide applications. Bt maize is not used because corn- 
borers are not important pests. Average maize field size was 3.0 ±
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0.7 ha and landscape is a mosaic of forage crops and pastures in the 
valley and pastures and forest on mountain slopes. Field margins are 
often associated to stone walls and woody plants. 
Alfalfa (Medicago sativa L.) is one of the most common field crops 
present in the study areas in summer (Ardanuy et al., 2018; Clemente- 
Orta et al., 2020; Madeira et al., 2014). In Bujaraloz and Lleida alfalfa 
cultivation practices are similar, the crop is grown for 4–5 years and cut 
around 5–6 times per season, insecticides are applied for pest control. 
Alfalfa management in La Seu is coordinated for all fields and cuts take 
place simultaneously. The crop is grown for around 5 years and cut 5 
times per season. Fertilization is organic and no insecticides are applied 
(Madeira and Pons, 2016). 
2.1.2. Field survey of adult butterflies 
A two-year survey was carried out in the three maize-growing re-
gions (Bujaraloz, Lleida and La Seu) to determine the abundance and 
frequency of butterfly species present in the maize agroecosystems in 
summer. 
Sampling took place three times in each growing season (2012 and 
2013), July (maize growth stage V3-VT), August (V12-R1) and 
September (VT-R6). The sampling dates were chosen in order to detect 
the most abundant and/or frequent species during the period of higher 
risk from GM maizes. The moment of highest risk from Bt maizes is 
during maize anthesis when large amounts of pollen may be deposited 
on host plants present around maize plants. The moment of highest risk 
from GMHT maize is more diffuse because changes in flora due to dif-
ferences in herbicide regime compared to conventional maize can occur 
at any moment of the cropping cycle. In this study the period around 
maize anthesis was selected because we expected that effects of both 
types of GM maize would be detected. Maize stage nomenclature fol-
lowed Ritchie et al. (1989), differing growth stages at the same sampling 
date were due to differences between the three study regions. 
Five transects (300 m each) were established per study region, 
separated by at least 1 km (Map 1). Each transect was divided into three 
linear sections (100 m per section) crossing habitat types associated to 
maize. The section length was established at 100 m to adapt to the small 
size of maize plots and associated habitats in the study areas. Never-
theless, in Lleida in 2013 we increased section length to 200 m to check 
if this could contribute to reduce the sampling effort. 
Butterflies are rarely observed in maize fields and for this reason 
maize field margins, alfalfa and non-crop areas were sampled. Maize 
field margins included the bands of vegetation found between fields and 
the margins separating the field from roads or waterways (Marshall 
et al., 1996). Alfalfa was sampled because it is an attractive nectar 
source and the larval food plant of various butterfly species (García- 
Barros et al., 2013). The third habitat sampled were non-crop areas of 
semi-natural vegetation because maize pollen maydustbutterfly host 
plants in natural areas (Lang et al., 2015) even at distances of 1000 m 
from the maize field (Hofmann et al., 2016). Sections in alfalfa and non- 
crop areas were usually located at a maximum distance of 20 m from the 
maize field because this is the area of maximal pollen deposition 
(Messeguer et al., 2006). 
Butterflies were sampled visually by the transect method (Pollard, 
1977; Pollard and Yates, 1993) used by most European Butterfly 
Monitoring Schemes (Schmucki et al., 2016). The observer records all 
adult butterflies detected within a 5 × 5 m virtual area along a linear 
transect, obtaining an estimate of relative abundance (for simplicity, we 
will use the term “abundance” hereafter). Sampling only took place 
when meteorological conditions were favourable for butterfly activity. 
Butterflies were identified to species level if possible based on García- 
Barros et al. (2013) and Tolman and Lewington (2011), taxonomy fol-
lowed Van Swaay et al. (1999). 
Butterfly abundance was calculated as density per km on a linear 
transect. We first calculated the mean butterfly abundance per year in 
each habitat (mean of 3 sampling dates). This was the basic measure 
used to calculate mean abundance per site (mean of 3 habitats) or mean 
abundance per region (mean of 5 sites). 
2.1.3. Larval host plant study 
In order to assess the distribution of butterfly larval host plants in 
maize agroecosystems information was collected from various sources; a 
published study on maize weeds was used to determine abundance of 
larval host plants in maize fields, we conducted plant surveys in maize 
field margins and non-crop habitats and we searched literature to 
identify crop plants that can be larval hosts. 
2.1.3.1. Butterfly host plants in maize fields. Juárez-Escario et al. (2018) 
carried out surveys of maize weeds as part of a study on weed changes in 
irrigated crops. In brief, 392 maize fields were surveyed in the summer 
of 2009 in the Lleida province. 377 fields were surveyed in the counties 
of Segrià, Pla de l’Urgell (41◦45′N, 0◦36′E), and Noguera (41◦54′N, 
0◦47′E), which correspond to the Lleida agricultural plains. 15 fields 
were surveyed in Pallars Jussà (42◦5′N, 1◦05′E), which is in the vicinity 
of La Seu region. All plant species were recorded in a rectangle of 6 × 5 
m (30 m2), at a distance of 5 m from the field margin. In order to esti-
mate species abundance, an abundance-dominance score between ‘+’ 
and ‘5’ based on the Braun-Blanquet (1979) scale was assigned to each 
species. The ordinal scores were transformed into mean cover percent-
ages to allow numerical analysis (‘+’ = 0.1%, ‘1’ = 5%, ‘2’ = 17.5%, ‘3’ 
= 37.5%, ‘4’ = 62.5% and ‘5’ = 87.5%). Plants were identified to species 
using local flora (de Bolòs and Vigo, 2001) and plant nomenclature 
followed the International Plant Names Index (IPNI, 2020). In this study, 
we focused on butterfly larval host plants (García-Barros et al., 2013) 
that were recorded in at least 5 sites. 
2.1.3.2. Butterfly host plants in the vicinity of maize fields. Butterfly 
larval host plants were surveyed in field margins and non-crop habitats 
in the study sites located in Bujaraloz, Lleida and La Seu, during the 
summer of 2012. An additional host plant survey was conducted in field 
margins in Lleida in 2013 (details given in the following section ‘But-
terfly larvae survey’). Also, literature was used to identify crops grown 
in the study areas that could be used as larval host plants (García-Barros 
et al., 2013; MAPA, 2020; Pujol i Palol, 2017). 
Butterfly larvae developing on plants in GM maize field margins are 
highly exposed to the potential risks derived from the cultivation of both 
Bt and GMHT maize. It is unlikely that herbicide will affect habitats not 
adjacent to maize fields such as other crops and non-crop areas but 
significant amounts of Bt pollen can be deposited on host plants at dis-
tances of up to 20 m from maize fields (Messeguer et al., 2006). Flora 
relevés were carried out in maize field margins and nearby non-crop 
areas. Plants were identified within an area of 30 m2 (dimensions 
ranged from 1 × 30 m in narrow margins to 5 × 6 m in non-crop areas) in 
each site. The procedure for flora identification and calculation of mean 
cover of larval host plants was carried out as described in the previous 
section. 
2.1.4. Butterfly larvae survey 
Butterfly larvae were sampled at maize anthesis in maize field 
margins in the Lleida region in 2013 (Map 2). We sampled larvae to 
identify which species were developing in field margins at maize 
anthesis and to determine the sampling effort involved (Lang et al. 
2011). Two separate anthesis periods were sampled according to 
planting date of the maize crops. The first maize crop planted around 15- 
March to 15-April flowers in July (henceforth anthesis I, n = 10). The 
second maize crop planted around 15-May to 15-June following harvest 
of winter cereal, flowers in August (henceforth anthesis II, n = 12). At 
each site, two field margins were surveyed (in two sites only one margin 
was sampled). In each margin, 100 linear meters were searched, 
considering a one metre width. In total 4200 linear meters were sur-
veyed (4,200 m2). Only larval host plants (García-Barros et al., 2013) of 
the butterflies identified in the field survey were sampled. The preferred 
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sampling methodology was visual inspection, but in some cases, frap-
page was applied because it was more suitable for sampling grasses and 
thorny plants, similar as described by Lang et al. (2013). To quantify 
sampling effort, we recorded plant number, dimensions, sampling time 
and number of larvae collected. All Lepidoptera larvae (butterflies and 
moths) were collected, reared at the laboratory to adult and identified to 
species if possible based on literature (e.g. Rougeot & Viette, 1980; 
García-Barros et al., 2013). 
Prospective power analysis was used to determine the sampling 
effort needed to detect a 30% population change in larval populations 
between GM and non-GM maize field margins (see Section 2.4 for 
further details). 
2.2. Selection criteria for butterfly indicators 
We developed and applied a step-by-step selection process to identify 
the most suitable species for monitoring effects of GM maize cultivation 
in NE Spain. Selection criteria were based on similar studies (e.g. 
Schmitz et al., 2003; Hilbeck et al., 2008). 
In the first place, all species that were not present both years and in at 
least two of the sites sampled per region and year were excluded. 
Following this step, further exclusion and prioritisation criteria were 
applied to the widespread candidate species, explained in detail as 
follows:  
A. Exclusion criteria.  
1. Exposure. The first consideration for selecting species for field 
monitoring was the exposure of butterfly larvae to Bt maize pollen 
and/or direct and indirect exposure to herbicides. Species could 
be excluded if they were not exposed to Bt toxins and could not be 
affected by changes in herbicide regimes: a) species with no 
overlap between the larval stage and maize growth cycle; b) 
species not exposed to Bt pollen due to endophytic or below- 
ground larval stage; or c) species whose host plants are not usu-
ally found in the vicinity (<20 m) of maize fields.  
2. Sensitivity. This can refer to the susceptibility of the species to Bt 
toxins expressed in the plant or the pollen (Felke et al., 2010; 
Felke et al., 2002 Kjær et al., 2010; Lang and Otto, 2010; Lang and 
Vojtech, 2006; Schuppener et al., 2012) or to sensitivity to direct 
and indirect effects of modified herbicide regimes (Pleasants and 
Oberhauser, 2012). Species insensitive to glyphosate-based her-
bicides and Bt toxins could theoretically be excluded. It must be 
noted, however, that there are no reported cases of non-target 
Lepidoptera being insensitive to the Bt toxins targetting Lepi-
dopteran pests.  
3. Responsiveness. Species selected for monitoring should reflect 
changes of the system. Crop pests or species with a strong 
migratory behaviour in the study areas (Stefanescu et al., 2011b) 
were excluded because it may be more difficult to establish causal 
effects between fluctuations in the species’ abundance and 
changes at the local scale. 
B. Prioritisation criteria. In most cases there was insufficient informa-
tion regarding the direction of the possible impacts of GM maizes on 
butterflies so ranking criteria were applied to select the candidates 
most appropriate for monitoring. Following the exclusion process, 
protected species (Van Swaay et al., 1999) and maize-feeding species 
(critically exposed to Bt toxins) were reincorporated as potential 
candidates. The following aspects were considered:  
1. Exposure. Species most exposed to potential risks were ranked 
positively. One point was assigned to a species if: a) it was 
recorded in both consecutive years; b) the species’ host plant was 
present in or around maize fields; c) larvae of the species were 
identified during the larval survey; and d) species could also feed 
on maize.  
2. Sensitivity. If the species is highly susceptible to Bt toxins or 
sensitive to herbicide, we assigned the species one point in order 
to prioritise the few species for which this information is known.  
3. Responsivenes. Species were prioritised according to ecological or 
biological attributes that could make them more suitable for 
monitoring: a) Mobility of species, because less mobile species are 
expected to be the most impacted by onsite changes (Aviron et al., 
2009; Hilbeck et al., 2008), giving sedentary species one point 
and low mobility species 0.5 point. Mobility classes were assigned 
according to literature (Stefanescu et al., 2011a); b) Habitat 
preferences: open-habitat species were given 0.5 point because 
they would be expected to better reflect changes in areas domi-
nated by arable agriculture.  
4. Conservation value. Protected species according to the European 
IUCN red list (Van Swaay et al., 1999) or the Spanish red list 
(Verdú et al., 2011) were prioritised by assigning one point. 
5. Availability of information on species distribution and abun-
dance, ecology and biology. The biology and ecology of species 
used as indicators should be well known. For instance, a) one 
point was assigned to species used as indicators for monitoring 
change in agricultural systems in the EU, i.e. European grassland 
indicator species (EEA, 2013) or species used for environmental 
risk assessment of Bt maize (e.g. Holst et al., 2013; Perry et al., 
2012, 2010); b) availability of information on each species was 
ranked by using the fraction of bibliographic references available 
on the Web of Science (WOS) divided into the highest total 
number of references for any of the species; the search was done 
using the accepted name of the species and its previous taxonomic 
synonims. 
2.3. Construction of multispecies indicators 
When butterfly species pools’ are used for monitoring this usually 
increases statistical power compared to single species, resulting in a 
reduction of the sampling effort required for effect detection (Lang, 
2004; Lang et al., 2019; Lang and Bühler, 2012). In addition, it may be 
difficult to find single species that are present in all receiving environ-
ments. For this reason, single species were aggregated into multispecies 
indicators; indicator composition is given in the supplementary infor-
mation (Appendix A). The individual species integrating each multi-
species indicator could vary between sites. The indicator ‘All species’ 
resulted from calculating the abundance of all butterflies recorded in 
any given site and included butterfly specimens not identified to species 
level. “Mobile species” aggregated any species with high dispersion 
capacity but that don’t migrate across the study area (Stefanescu et al., 
2011a). “Low mobility species” aggregated any species with low 
dispersal capacity (sedentary species and species with a limited dispersal 
capacity). “Open habitat species” aggregated species linked to open 
habitats (from Herrando et al., 2016). “Grassland indicators” aggregated 
any of the European grasslands indicator species (EEA, 2013). Finally, 
species number was included because it allows to further reduce sam-
pling effort (Lang and Bühler, 2012). 
2.4. Prospective power analysis 
Prospective power analysis was carried out to estimate the sample 
sizes (always expressed as number of site pairs) needed to detect a 
change in butterfly populations between GM and non-GM sites using an 
unpaired two sample t-test (Perry et al., 2009). The probability of 
committing a type I error (α) was set at 0.05 and type II error (β) was set 
at 0.2, (statistical power = 0.8). The statistical power measures the 
chance of detecting an effect of a known magnitude using a specified 
experimental design. The effect size was established as a 30% change 
regarding the comparator population (non-GM sites), considered 
adequate for this type of studies (Comas et al., 2013; Perry et al., 2003). 
Abundance data were transformed by log10 (x + 1) for normalization 
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and power was calculated with the (JMP Pro®, 2019) software. 
Prospective power analysis was used to determine sampling effort 
required to detect a population change in populations of butterfly adult 
and larvae. For butterfly adults, comparator populations were approxi-
mated by calculating average annual butterfly abundance in each region 
(Bujaraloz, Lleida or La Seu). 
3. Results 
3.1. Field survey of adult butterflies 
A total of 41 butterfly species were recorded during the field survey 
of maize agroecosystems in NE Spain (Table 1); the dataset is available 
at Mendeley Data (Lee, 2020a). We detected three protected species, 
according to the EU Red List (Van Swaay et al., 1999): Carcharodus 
flocciferus (Zeller), Hipparchia fagi (Scopoli) and Thymelicus acteon Rot-
temburg. Butterfly abundance (including identified and unidentified 
specimens) was 62.4 ± 38.2 butterflies/km (mean ± standard deviation, 
SD). In Bujaraloz, abundance was 79.4 ± 40.5 butterflies/km and 16 
species were recorded. Three species represented 64% of the counts 
(Pieris rapae (L.), Polyommatus icarus (Rottemburg) and Pieris napi (L.)). 
In Lleida, butterfly abundance was 46.8 ± 24.6 butterflies/km and 15 
species were detected. The same three species as in Bujaraloz repre-
sented 64% of the total counts. Bujaraloz and Lleida shared almost all 
species, with three exceptions. Pararge aegeria (L.) was not recorded in 
Bujaraloz where there is no arboreal cover. T. acteon was frequent in 
Bujaraloz (present in 40% of the samplings) but not recorded in Lleida 
where non-crop areas are much smaller. Gegenes nostrodamus (Fab-
ricius), a migrant butterfly that can feed on maize, was recorded only in 
Bujaraloz. 
In La Seu, butterfly abundance was 61.1 ± 43.3 butterflies/km and 
37 different species were recorded. Nettle butterflies A. io and A. urticae 
were recorded, as well as other species common to cooler and more 
humid EU. 
Only twelve species were shared across the three regions, and only 
five of these were present in at least 50% of the counts across the entire 
Table 1 
Adult butterflies (Lepidoptera: Papilionoidea) recorded in maize agroecosystems in NE Spain. Mean (m) number of butterflies per km and standard deviation (SD) were 
calculated by averaging the mean number of butterflies recorded per site (5 sites per region). Three protected species were detected (Near threatened (NT) status 
according to the IUCN red list (Van Swaay et al., 1999).  
Family/group Species IUCN Bujaraloz Lleida La Seu 
m ± SD %Fr m ± SD %Fr m ± SD %Fr 
Hesperiidae Carcharodus alceae (Esper)  1.2 ± 2.1 40 1.3 ± 2.1 50 0.4 ± 0.8 30 
Carcharodus baeticus (Rambur)  0.1 ± 0.4 10     
Carcharodus flocciferus (Zeller) NT     0.2 ± 0.7 10 
Gegenes nostrodamus (Fabricius)  0.1 ± 0.4 10     
Muschampia proto (Ochsenheimer)  0.2 ± 0.7 10     
Pyrgus malvoides (Elwes & Edwards)      0.3 ± 0.7 20 
Spialia sertorius (Hoffmannsegg)    0.1 ± 0.4 10   
Thymelicus acteon Rottemburg NT 1.8 ± 2.7 40   0.1 ± 0.4 10 
Thymelicus lineola (Ochsenheimer)      0.1 ± 0.4 10  
Lycaenidae Aricia agestis (Dennis & Schiffermüller)      0.1 ± 0.4 10 
Celastrina argiolus (L.)      0.1 ± 0.4 10 
Cupido argiades Pallas      0.2 ± 0.5 20 
Lampides boeticus (L.)  2.0 ± 3.0 60 0.8 ± 1.1 50 15.0 ± 33.6 90 
Leptotes pirithous L.  0.4 ± 0.6 40 0.1 ± 0.3 10 0.3 ± 0.7 20 
Lycaena phlaeas (L.)      0.3 ± 0.5 30 
Polyommatus icarus (Rottemburg)  11.8 ± 11.7 100 10.3 ± 6.3 100 4.8 ± 6.7 80 
Satyrium esculi (Hübner)      0.3 ± 1.1 10 
Satyrium spini Dennis & Schiffermüller      0.1 ± 0.4 10  
Nymphalidae Aglais io L.      1.4 ± 2.5 50 
Aglais urticae (L.)      0.2 ± 0.5 20 
Coenonympha pamphilus (L.)      0.7 ± 0.9 40 
Hipparchia fagi (Scopoli) NT     1.0 ± 1.8 40 
Lasiommata megera (L.)  1.7 ± 2.4 60 0.6 ± 1.2 20 1.6 ± 1.3 70 
Maniola jurtina L.      0.7 ± 1.1 40 
Melanargia lachesis Hübner      0.8 ± 0.9 50 
Melitaea didyma Esper      0.1 ± 0.4 10 
Pararge aegeria (L.)    0.1 ± 0.4 10 1.9 ± 2.3 60 
Polygonia c-album (L.)      0.3 ± 0.5 30 
Pyronia bathseba (Fabricius)      0.1 ± 0.4 10 
Pyronia cecilia (Vallantin)  2.8 ± 3.8 60 1.3 ± 2.3 30 1.1 ± 2.1 30 
Pyronia tithonus (L.)      0.8 ± 1.2 40 
Vanessa atalanta (L.)      0.1 ± 0.4 10 
Vanessa cardui (L.)  0.1 ± 0.4 10 1.8 ± 4.1 50 0.9 ± 1.4 40  
Papilionidae Iphiclides feisthamelii (Duponchel)      0.2 ± 0.5 20 
Papilio machaon L.    1.3 ± 1.9 40 0.2 ± 0.5 20  
Pieridae Colias crocea (Geoffroy)  9.5 ± 8.7 100 3.9 ± 3.5 70 4.1 ± 2.2 100 
Gonepteryx rhamni (L.)      0.1 ± 0.4 10 
Pieris brassicae (L.)  0.6 ± 1.2 20 0.4 ± 1.1 20 2.1 ± 1.8 70 
Pieris napi (L.)  10.8 ± 9.5 80 12.7 ± 13.9 90 5.6 ± 4.6 100 
Pieris rapae (L.)  28.2 ± 20.0 100 6.8 ± 7.0 90 7.7 ± 6.0 90 
Pontia daplidice (L.)  2.2 ± 2.1 70 1.9 ± 2.0 70 0.3 ± 0.5 30 
Papilionoidea* All  9.4 ± 40.5 100 46.8 ± 24.6 100 61.1 ± 43.3 100 
Species richness   16  15  37  
*Papilionoidea includes identified species and butterflies not identified to species. 
M.S. Lee et al.                                                                                                                                                                                                                                   
Ecological Indicators 124 (2021) 107380
6
study area (Table 1): the Lycaenidae Lampides boeticus (L.) and P. icarus; 
and the Pieridae Colias crocea (Geoffroy), P. napi and P. rapae. Most of 
these species are migrants in the study area. 
Although the affinity of the butterfly species for each habitat was not 
analysed, some species were recorded across all habitat types in all re-
gions, such as Carcharodus alceae (Esper) or P. icarus. Other species were 
frequently found in non-crop areas but rarely in maize field margins or 
alfalfa, such as Pyronia cecilia (Vallantin) and Pontia daplidice (L.) (Ap-
pendix B). In alfalfa, L. boeticus, P. icarus, C. crocea, P. napi and P. rapae 
were abundant in all regions, particularly when the alfalfa was 
flowering. 
3.2. Larval host plant study 
3.2.1. Butterfly host plants in maize fields 
According to the results obtained by Juárez-Escario et al. (2018), 33 
species from 10 plant families were recorded as weeds of maize. The 
most abundant and frequent plant was the Malvaceae Abutilon theo-
phrasti (Medik), recorded in 24% of the 392 sites sampled and with a 
mean cover of 2.5 ± 10.8% (SD). This plant is a regular larval host to 
C. alceae in the region (García-Barros et al. 2013). Other frequent weeds 
belonged in families Poaceae, Asteraceae, Polygonaceae, Brassicaceae, 
Rosaceae, Malvaceae and Plantaginaceae (Appendix C). Overall, the 
weeds recorded in maize fields could host larvae of 20 butterfly species, 
according to literature (García-Barros et al., 2013). 
3.2.2. Butterfly host plants in the vicinity of maize fields 
Most larval host plants were recorded mainly in field margins (Ap-
pendix C), dataset available at Mendeley Data (Lee, 2020b). However, 
there were also larval food plants in the non-crop areas, and sometimes 
this was the only place where larval host plants were recorded. For 
instance, P. cecilia feeds on the grass Brachypodium retusum (Pers.) a 
plant native to the arid landscapes of Bujaraloz and Lleida. 
In addition, we identified 25 crops that can be used as larval host 
plants across the study regions (Appendix C). 
3.3. Butterfly larvae survey and sampling effort 
In July (Anthesis I), 1034 butterfly food plants were searched and 49 
butterfly larvae and 35 moth larvae were found. In August (Anthesis II), 
774 host plants were searched and 60 butterfly larvae and 41 moth 
larvae were collected. Although 34 different plant genus or species were 
sampled, butterfly larvae were only found on four plant species (Table 2, 
dataset available at Mendeley Data (Lee, 2020c)). C. alceae and Vanessa 
cardui (L.) were found on mallow, Malva sylvestris (L.); Papilio machaon L. 
on fennel, Foeniculum vulgare Mill; and Leptotes pirithous (L.) on alfalfa. 
More Lycaenidae larvae were collected from alfalfa and Ononis spinosa 
(L.) but larvae died so it was not possible to identify the species. Various 
moth species were recorded; the most abundant on M. sylvestris: Acontia 
lucida (Hufnagel) (Noctuidae) and Pardoxia graellsii (Feisthamel) 
(Nolidae). 
The most numerous butterfly larvae were C. alceae and P. machaon. 
One of the host plants of C. alceae, M. sylvestris, was found in 91% of the 
22 sites sampled. A total of 23 larvae were collected in July and 57 
larvae in August; the searching time to find one larva on M. sylvestris in 
any given margin was 9.7 min in July and 3.6 min in August (Table 2). 
According to prospective power analysis, it would be necessary to 
sample 35 to 95 site pairs (GM vs. non-GM site pairs) to detect a 30% 
difference in abundance of C. alceae larvae between sites at anthesis I 
and II, respectively (α = 5, β = 0.8). In the case of P. machaon, the host 
plant F. vulgare was recorded in 64% of the 22 sites. 17 larvae were 
collected in July but only 2 small larvae in August. This means that the 
time to find one larva on F. vulgare in any given margin was 5.2 min in 
July but it rose to 26.8 min in August (Table 2). According to prospective 
power analysis, it would be necessary to sample 62 to 787 site pairs (GM 
vs. non-GM site pairs) in order to detect a 30% difference in abundance 
of P. machaon larvae between sites at anthesis I and II, respectively. 
3.4. Selection of butterfly indicator species 
From the initial 41 butterfly species, 25 species were recorded in at 
least two sites in any given region and year. Only 20 species were 
detected both years in any given region. After applying the exclusion 
criteria (Fig. 1), eight species were excluded because they were migrants 
in the study area. Two of the migrants were also crop pests, and one had 
an endophytic larval stage. Thus, we were left with 12 candidate species. 
At this stage, we reincorporated the protected species and the single 
maize-feeding species to the list of candidates resulting in a list of 15 
species (seven species in Bujaraloz, six in Lleida and 14 in La Seu). We 
applied the ranking process to select the most suitable species for 
monitoring GM maize and selected the six candidates with the highest 
rank per region (Appendix D). For Bujaraloz and Lleida most candidates 
were shared (Pieris napi, Polyommatus icarus, Lasiommata megera, Pyronia 
cecilia and Carcharodus alceae) although the ranking differed between 
regions (Fig. 1). There were two exceptions: in Bujaraloz T. acteon was 
the most suitable indicator (with the highest score) but this species was 
not recorded in Lleida. Similarly, in Lleida P. aegeria was a suitable in-
dicator species but it was not recorded in Bujaraloz. Conversely, in La 
Seu, the six most suitable species were the nettle butterfly Aglais io L., 
followed by Coenonympha pamphilus (L.), T. acteon, P. napi, P. icarus and 
Lycaena phlaeas (L.). The only candidate species common to all three 
regions were P. napi and P. icarus. 
3.5. Required sampling effort of butterfly indicators for effect detection 
The sampling effort required to detect a 30% population change was 
very variable for each indicator across regions and years (Table 3). 
Regarding single species, required sampling effort (number of GM vs 
Table 2 
Butterfly larvae recorded in maize field margins in the Lleida region. The table shows the plant species on which butterfly larvae were found. Mean abundance, 
standard deviation (SD) and frequency (%Fr) of the butterfly larvae is given per site. Larvae were sampled during the flowering period of maize crops: July (anthesis I, 
10 sites) and August (anthesis II, 12 sites). The sampling effort is shown as the number of minutes required to find a single larva on the host plant at any given site.    
Anthesis I  Anthesis II    
larvae host plant larvae host plant 




SD Effort (min/ 
larva) 








Papilio machaon  1.6  2.9 30 2.2 1.6  5.2 0.3 0.7 8 2.8 4.5 26.8 
Malva sylvestris Carcharodus 
alceae  
1.2  1.5 40 1.7 1.7  9.7 2.9 5.6 58 1.6 1.9 3.6 
Vanessa cardui  0.1  0.3 10  101.5 0.1 0.2 10 144.6 
Medicago sativa Leptotes pirithous  0.1  0.2 10 15.8 7.8  221.4 0.8 1.0 20 1.0 1.5 3.4 
Lycaenidae sp.  0.3  0.5 20  55.4 0.1 0.2 8 39.6 
Ononis spinosa Lycaenidae sp.  0.8  1.0 20 3.6 2.2  18.7 0 . . 0.5 0.3 .  
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non-GM site pairs) would be consistently lowest for P. napi (24–84) and 
P. icarus (27–87) across the three regions and both sampling years, using 
300 m transects per site. When butterflies were aggregated into multi-
species pools, the sampling effort was even lower. For instance, it would 
be possible to detect a 30% decrease in species’ number by monitoring 
7–27 site pairs, or a 30% decrease in abundance of all butterflies or 
mobile butterflies (by monitoring 15–32 and 16–41 site pairs, 
respectively). 
The number of required sampling sites can usually be reduced by 
increasing transect length. For this reason, we used 300 and 600 m 
transects in Lleida in year 2 but this did not appear to reduce sampling 
effort (Table 3). 
4. Discussion 
4.1. Adult butterflies across maize agroecosystems 
Butterflies were abundant in all habitats sampled in the study 
regions. This finding shows that many butterflies are exposed to po-
tential effects of GM maize cultivation in Mediterranean conditions and 
that effects on their populations should be taken into account. This 
contrasts to the belief that butterflies are not common in the maize 
agroecosystems in Spain. For instance, the mathematical models 
developed to assess risks of Cry1Ab from MON810 to non-target Lepi-
doptera in the EU (Perry et al., 2010), did not include any Lepidoptera 
representative for Spain, because they were not considered to be very 
abundant during maize anthesis. This assumption was probably mostly 
due to a lack of data from butterfly surveys in Mediterranean maize 
agroecosystems. Other authors that conducted field surveys also found 
butterflies to be relatively abundant and diverse in maize agro-
ecosystems, particularly in field margins (e.g. Arpaia et al., 2018; Aviron 
et al., 2009; Lang et al., 2019; Wallis de Vries et al., 2017). 
Although many butterfly species were shared between Bujaraloz and 
Lleida, only a third of the species were shared across the three regions. 
This outcome could be expected given the divergent biogeographic and 
agricultural particularities of each maize-growing region (Dolezel et al., 
Fig. 1. Flowchart depicting the process followed to select suitable butterfly species for monitoring effects of GM maize and the final list of the highest ranking six 
candidates selected per region. The selection process was only applied to species that were recorded both years and present in at least two sites in any given region 
and year. 
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2018; Lang et al., 2019). This fact highlights the need to perform surveys 
in each differentiated maize-growing region because there can be broad 
differences regarding the species most affected by GM maize cultivation 
across receiving environments (Arpaia, 2021). 
In the arid Mediterranean, maize tends to be grown in intensive 
agricultural settings where non-crop areas are relatively small (Ardanuy 
et al., 2018; Clemente-Orta et al., 2020). This is probably why most of 
the species found in Bujaraloz and Lleida were highly mobile habitat 
generalists that concentrate in the humid environments resulting from 
irrigated agriculture whereas sedentary dryland specialists were present 
in lower numbers. Conversely, La Seu has a much more humid climate 
and a broader range of habitats due to its biogeographical situation, 
leading to a high number of species compared to the lowland regions. 
Indeed, La Seu was the only region where nettle butterflies A. io and 
A. urticae were present during the period of maize anthesis. 
4.2. Distribution of larval host plants 
When selecting butterflies for environmental risk assessment it is 
essential to determine the distribution of their larval host plants in the 
maize agroecosystem. This allows to infer the exposure of butterfly 
species to risks derived from the cultivation of GM maize. In this study 
we found that almost all butterflies recorded had larval host plants in or 
close to maize fields so they would be exposed to GM maize cultivation 
to some degree. 
Weeds are not abundant within maize fields due to herbicide 
spraying, hence butterfly larvae would use mostly field margins where 
larval host plants are abundant (this study and Pywell et al., 2004; Lang 
et al., 2013; Arpaia et al., 2018; Wallis de Vries et al., 2017). For 
instance, in the US, at the beginning of field deployment of Bt maize 
there was considerable concern that this crop could have adverse effects 
on the monarch butterfly populations (Pleasants et al., 2001; Sears et al., 
2001; Stanley-Horn et al., 2001). Nevertheless, it was found that expo-
sure of monarch larvae to Bt toxins in the field was relatively low 
(Anderson et al., 2005) and they were not very susceptible to most Bt 
toxins compared to other Lepidoptera species (Perry et al., 2012; Wolt 
et al., 2005). However, when GMHT maize became widely cultivated 
across the US corn belt, increasing glyphosate treatments reduced larval 
host plants, resulting in the decline of the monarch population (Pleas-
ants and Oberhauser, 2012). 
4.3. Monitoring butterfly larvae 
We recorded 15 butterfly species as adults in the Lleida region but we 
only found larvae of four of those species. The abundance and richness of 
the butterfly larvae was low considering the relatively high sampling 
effort invested (1808 butterfly host plants sampled across 22 sites). It 
was clear that the sampling effort required for effect detection was too 
high for a monitoring plan. This outcome is not surprising, because 
larvae are more difficult to detect than adult butterflies. Thus, it is 
frequent to find low numbers of larvae (e.g. Arpaia et al., 2018; Gath-
mann et al., 2006) resulting in a higher sampling effort compared to 
adult butterflies (Lang et al., 2011). 
Different strategies can be used to reduce the sampling effort needed 
to detect larvae, such as mapping larval host plants and using a clear 
sampling strategy. For instance, Lang et al. (2013), Lang et al. (2011) 
proposed the survey of nettle stands around the maize fields as a cost- 
effective sampling strategy. However, in our study conditions nettles 
were not widespread across maize-growing regions. Thus, mallow 
(Malva spp.) and Abutilon theophrasti could be a more promising group of 
plants to monitor because they occurred in all study areas and they are 
larval hosts to a number of Lepidoptera. For instance, in Lleida, C. alceae 
larvae were abundant on mallow and the larvae were easy to spot 
because they fold the leaves to form a pouch. Arpaia et al. (2018) also 
sampled mallow around maize fields to detect larvae of V. cardui. 
Nevertheless, larval sampling for monitoring effects of GM maize in the 
Mediterranean region should be further studied to determine the most 
suitable strategy across different regions. 
4.4. Selection of indicator species for monitoring GM maize 
In this study we constructed and applied a selection process to 
identify species appropriate for GS of GM maize in three differentiated 
maize-growing regions in NE Spain and then calculated the required 
sampling effort. The selection process was based on the potential risks 
and the pathways through which they could be realised, similar to other 
authors (Hilbeck et al., 2008; Schmitz et al., 2003; Van Wyk et al., 2007) 
but we also took into account the capacity of the butterfly species to 
reflect local impacts of GM maize. This is a highly relevant aspect that 
has often been overlooked in other studies. For instance, pest species and 
migrant species tend to be very abundant in farmland and are therefore 
suitable for statistical analysis (Comas et al., 2013). Nevertheless, link-
ing measured differences in local butterfly populations to the effect of 
GM crop cultivation (EFSA, 2011) can be more difficult. For instance, 
pest species’ abundance can depend on the host crop area and man-
agement. In the case of migrant species, their abundance may be linked 
to conditions at their place of origin (Stefanescu et al., 2011b). Never-
theless, migratory species may be the most suitable option for a large- 
scale monitoring plan in a future scenario when GM maize is grown 
across wide areas in the EU. Particularly, if the migratory species de-
pends mainly on larval plants present in habitats associated to maize, as 
found in the case of the Monarch butterfly in the US (Pleasants and 
Oberhauser, 2012). However, considering that the only EU countries 
that currently grow maize are Spain and Portugal (ISAAA, 2019), a GS 
plan capable of detecting local impacts would appear most suitable at 
Table 3 
Sampling effort, in number of site pairs, needed to detect a 30% change in 
butterfly abundance or species number between GM vs non-GM maize fields in 
each region using an unpaired t-test. The sampling effort was calculated by 
prospective power analysis (α = 0.05 and β = 0.2) on transformed data (log10(x 
+ 1)).   

















Species        
Aglais io      394 126 
Carcharodus 
alceae 
567 103 126 191 232 222 567 
Coenonympha 




191 110  185 165 240 22 
Lycaena phlaeas      567 278 
Pararge aegeria    567 143 567 40 
Pieris napi 84 24 68 37 34 54 32 
Polyommatus 
icarus 
54 35 27 42 41 81 87 
Pyronia cecilia 185 68  80 62 319 242 
Thymelicus acteon 133 191     567  
Multispecies 
groups        
All species 26 17 15 23 21 32 22 
Mobile species 41 16 24 30 28 31 22 
Low mobility 
species 
64 44 567 80 58 30 29 
Open habitat 
species 




41 24 19 43 42 72 33 
Species’ number 27 7 13 19 17 9 13 
*In Lleida, 300 and 600 m transects were used in 2013. 
Note: some species were not observed in some regions and years so there is no 
data. 
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present. 
The most relevant result of our selection process was the clear dif-
ferences in candidate species between the three maize-growing regions 
studied, evidencing the need to conduct a specific selection process 
taking into account the particularities of each cultivation area, as 
already stressed by other authors (Arpaia, 2021; Dolezel et al., 2018). In 
our study, the nettle butterfly A. io was selected for GS of GM maize in La 
Seu, in agreement with the numerous studies focusing on these species 
for the risk assessment of Bt maize in the more humid EU (Arpaia et al., 
2018; Fahse et al., 2018; Holst et al., 2013; Leclerc et al., 2018; Perry 
et al., 2010). However, it was clear that in the more arid regions the most 
suitable indicators had to be species common in irrigated agricultural 
environments (P. napi, P. icarus or C. alceae). 
Considering sampling effort, it was consistently lowest for multi-
species indicators and the species P. napi and P. icarus in all regions 
considered. Monitoring P. napi is a good option because it is a wide-
spread species in irrigated agricultural land in the Mediterranean and 
does not feed on common crops in the study area (García-Barros et al., 
2013). Its larvae develop on plants common in irrigated field margins 
throughout the maize growing season so it is exposed to effects of both Bt 
and GMHT maize cultivation. Similarly, P. icarus could also be suitable 
for monitoring GM maize effects because it is widespread and common 
in European farmland where it is monitored as part of the Grassland 
indicator (EEA, 2013). Nevertheless, P. icarus feeds on many Fabacea-
eous crops such as alfalfa so its abundance can depend on crop distri-
bution and management. Thus making it difficult to link potential 
butterfly population decline to GM maize cultivation. 
Monitoring species’ pools allows to monitor butterflies across broad 
geographical areas even when there are large differences in the distri-
bution of single species. In addition, it generally allows to gain in sta-
tistical power and thus reduce sampling effort (Lang et al., 2016; Lang 
and Bühler, 2012). In this study the sampling effort to detect a 30% 
decrease was lowest for species number (7–27 site pairs) and for overall 
butterfly abundance (15–32 site pairs) and mobile species (16–41 site 
pairs). However, the grassland indicator group would be the most suit-
able group despite a higher required sampling effort (19–72 site pairs). 
The group of species that form this indicator are already surveyed for 
monitoring change in agricultural environments across Europe (EEA, 
2013) so GS of maize could be integrated into a community-wide 
monitoring plan, for instance to assess the effects of the measures 
implemented through the EU’s Common Agricultural Policy (CAP) 
(Lefebvre et al., 2015). 
Usually, sampling effort in terms of number of sites can be reduced 
by increasing transect length or sampling frequency (Brereton et al., 
2011; Lang and Bühler, 2012). This was not observed in this study but it 
merits further research because transect length and sampling frequency 
in the field survey were rather low compared to other studies (Lang 
et al., 2019, 2016, 2013). Nevertheless, Lang and Bühler (2012) found 
that using transects of a similar length to those in our study (300 m) and 
the same sampling frequency (3 visits) could still capture around 70% of 
the species present. 
The indicator selection process here described is broadly applicable 
to any Mediterranean maize-growing region. However, in each case a 
field survey of the butterflies and their host plants is required to identify 
the most appropriate indicators. 
5. Conclusions 
Butterflies and their larval host plants were widespread and abun-
dant in the maize agroecosystems surveyed and therefore they could be 
exposed to effects of GM maize cultivation. In contrast, few butterfly 
larvae were recorded in maize field margins and in most cases the 
sampling effort involved would be too high. 
A number of adult butterfly indicators appeared appropriate for GS 
of GM maizes. However, we found that indicator species most suitable 
for GS could vary between maize-growing regions. For this reason, we 
strongly recommend to carry out a field survey in each differentiated 
receiving environment. The results of this study indicate that an 
improved GS could be implemented by monitoring selected butterfly 
indicators such as Pieris napi, Polyommatus icarus and multispecies 
groups. However, further research is needed in order to determine which 
and how butterfly indicators should be monitored across wider GM 
maize cultivation areas. 
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Vögel, R., Wosniok, W., 2016. Accumulation and variability of maize pollen 
deposition on leaves of European Lepidoptera host plants and relation to release 
rates and deposition determined by standardised technical sampling. Environ. Sci. 
Eur. 28, 14. https://doi.org/10.1186/s12302-016-0082-9. 
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